Passing of fast particles in the detector substance
Scattering of heavy particles on the electrons bound in atoms. Spectra of energies and angular distributions of scattered electrons. Specific losses of energy of charged particles. The Bragg curve. Heavy charged particle tracks in the substance. Specific losses of energy and the methods of identification of particles related to their measurements. Delta-electrons. passage of the accelerated heavy ions through the substance; the role of effects of loss and capture of electrons in the energy dependence of the specific losses. Effects of the multiple scatterings on the medium nuclei. Effects inspired by nuclear interactions. Peculiarities associated with the passage of relativistic and ultrarelativistic charged particles. Scattering and slowing of fast neutrons. The methods of registration of fast and thermal neutrons. Peculiarities associated with the passage of electrons through substance. Extrapolated length of the electron track. Radiational length. Electromagnetic showers.
Drift of electrons and ions in gas under the influence of the electric field
Complete balance of the energy emitted during the passage of a charged particle through the gaseous medium. Mean energy spent on the creation of one electron-ion pair. Energy of the excitation and ionization of atomic and molecular gases. The amount of primary pairs and the total number of the electro-ion pairs created on 1 cm of the path of the minimally ionizing particle. Equations describing the drift of electrons and ions under the influence of the electric field in a gas. The speed of drift of electrons and ions. Mobility. Drift time mean free path, mean energy of the electrons and ions drifting in the gas. Diffusion of charges on drift. Recombination. Electronegative atoms and molecules. Creation of the negative charged ions. Mean lifetime of the free electrons. Ramsauer effect. Increasing of the speed of drift of electrons at the expense of the optimization of the content of gas mixtures.
Ionization chambers and proportional counters, multi-goal detector complexes on their base
The functioning principle of an ionization chamber. The size and the shape of the electric signal. Permitted speed of counting and the electronics noises under the condition of full collection of the charge in chamber. Formation of the signals. The Frisch net. The energy resolution and the maximal speed of counting of a chamber with the net. Conditions of the registration of light charged particles, heavy ions and fission fragments by the ionization chamber. Ionization chamber with the cylindrical (spherical) geometry of electrodes. The secondary ionization, dependence of its cross-section on the energy of electrons. Gas amplification, the size and the shape of the signal in a proportional counter.
The region of proportionality. Determination of the coordinates of particles using the electron drift time. The time-projection chamber. Work of the chamber placed in the magnetic field of a solenoid. Determination of the type of particles. Ionization chamber as an active target working on the beam of particles.
Proportional chambers
The functioning principles of the multiwire proportional chamber, which lead to the essential improvement in the determination of the passage time and growth of the speed of counting of particles. The requirements to the precision of manufacturing the chamber electrodes. Effectiveness of the registration of particles. Usage of the multiwire proportional chamber in the systems of diagnostics of the secondary beam particles. The principle of the cathode read-out. Drift chamber. The problem of right-left ambiguity.
Gas-discharge counters
The Geiger counter. The methods of damping the charge. Damping mixtures of gases in the Geiger counters. Avalanche counter. Streamer tubes. External pickup of the signals. Selfdamping mode of work of the streamer tube. Thin-wall cylindrical gas proportional chambers (straw tubes).
Scintillation detectors and detectors of the secondary electrons
The functioning principle of the photoelectron multiplier (FEM). Spectral characteristics of the FEM photocathodes, working in the region of visible light and ultraviolet. Divisors, pick up of the signals from FEM. Coefficient of the multiplication. Fast FEM (FEU) for receiving temporal marks of the passing particles. Inorganic scintillators, their main physical characteristics (yields and wavelength spectra of the light quanta, time of the highlighting, The atomic number of the substance). Temperature dependence of the light yield of scintillators. Technical characteristics: hydroscopy, radiational stability, mechanical properties. The optimization conditions for light collection light collection on the photo cathode. Spectrometry of the protons and light nuclei (deuteron, tritium, 3He, 4He, and other) on the base of the scintillators CsI, BGO, GSO. Dependence of the scintillational effectiveness on the value of specific ionization of particles. Detectors of the protons with the energy up to 200 MeV on the base of the scintillators CsI. Gamma-spectroscopy on the base of the scintillators NaI and CsI. Organic scintillators. Transformation of the ultraviolet radiation to vizible light. The calorimeter method in the application for measuring the energy of particles in the interval ~1 GeV and higher. Application of the microchannel plates and silicon photodiodes for registration of the light in scintillation detectors.
Registration of the neutrons
Sources of the neutrons used for the calibration of detectors. Characteristics of the neutrons of different energy. Nuclear reactions of the neutrons, cross-sections of reactions. Examples of the counters based on the slowing and capturing of the thermal neutrons by nuclei 3He in the counters or cadmium nuclei in the liquid scintillator. Spectrometers of the flight time of the fast neutrons. Neutron-gamma discrimination using the signal shape from the scintillator. Positional sensitivity of the flight time spectrometer.
Cherenkov detectors
Cherenkov radiation. Consequences of the Tamm-Franck theory relevant for the Cherenkov detector functioning. Principal scheme of the detector. Types of the Cherenkov radiation detectors. Properties of the radiators used in the Cherenkov detectors. Precision in the determination of the speed of particles. Separation of particles differing on mass. Examples: the ring image detector (RICH), neutrino observatory installations at Sudbury and the Kamiokande cosmic laboratory.
Semi-conductor detectors
The electrical current in a semi-conductor, carriers of the electricity. The germanium and silicon lattices. The donors and acceptors. Formation and properties of the p-n transition. General characteristics of the semi-conductor materials (silicon, germanium, diamond). Energy of the electorn-hole pair creation, field strength in the layer free from the current carriers. Mobility of the electrons and holes. Surface-barrier and planar detectors. Silicon photodiode. Application of the planar silicon detectors and photodiodes for the spectrometry of charged particles. Registration of the fragments of divisions, dead layer, application of the photodiodes. Radiational injury of the semiconductor detectors and limiting flows of the charged particles. Coordinate-sensitive silicon detectors: the resistant layer and/or the microstrip structures. Drift of the litium, p-i-n silicon and germanium detectors. The properties, reached parameters and applications of the diamond detectors.
Modern detectors of the gamma radiation
Gamma detectors in the investigations of the structure of nuclear levels and dynamics of the process of atomic nuclei division. Interaction of the gamma radiation with the substance: the photoeffect, the Compton scattering, creation of the e-e+ pairs. Application of planar silicon and germanium detectors for the spectroscopy of X rays and gamma quanta. Coaxial detector made of the superclean germanium. Suppression of the background from the Compton scattering. Cluster structures of the germanium detectors. Raising the effectiveness of the registration and precision of the trajectory determination of the gamma quanta. Multi-detector systems. Examples of applications of the systems made of the big number of germanium detectors. Creation of the new generation of the multi-detector installations GRETA and AGATA.
